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Abstract 
Background: Tuberculosis (TB) has remained one of the major public health problems in Zimbabwe with an esti-
mated incidence rate of 552 per 100,000 persons in 2013. The aim of this study was to describe the trends in acid-fast 
bacilli (AFB) sputum-smear positive (SSP) TB overall and within subpopulations for the period during 2008–2011 in 
Zimbabwe. Results of this study will contribute towards the evaluation and implementation of targeted TB control 
interventions.
Methods: A cross-sectional study design was used to analyze 40, 110 SSP TB patient records routinely collected dur-
ing 2008–2011. Incidence trends of SSP TB were described by province, sex, and age group. A Mantel–Haenszel Chi 
Statistic was calculated to compare each provincial SSP TB notification rate to the national SSP TB notification rate.
Results: SSP TB notification rates were higher in the two main urban provinces, the western provinces and Manica-
land. The 25–44 year age group accounted for the largest proportion of notified SSP TB. However, the 55–64 year and 
65+ age groups had SSP TB notification rates in 2011 higher than the 2008 value. Finally, the average SSP TB notifica-
tion rate in males was 23 % higher than in females.
Conclusion: The findings of this study suggest that TB control has successfully decreased the notification rate of SSP 
TB in Zimbabwe during 2008–2011. However, the disproportionate distribution of SSP TB among different regions and 
subpopulations of the country highlights the need for more targeted interventions to accelerate the decline of TB in 
Zimbabwe.
Keywords: Trends in tuberculosis, Sputum smear positive tuberculosis, Zimbabwe
© 2015 Noppert et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Background
Despite tuberculosis (TB) being a long-standing, world-
wide disease the global burden of disease attributable 
to TB continues to be a major public health concern. In 
2013 alone there were an estimated 9.0 million new cases 
of TB worldwide and 1.5 million deaths attributable to 
TB, 80 % of which were occurring from 22 high-burden 
countries (HBCs) [1].
With a population of 12.9 million people and a national 
estimated TB incidence rate of 552 per 100,000 per-
sons in 2013, Zimbabwe is among the 22 HBCs [2, 3]. In 
2010–2011, Zimbabwe reported a generalized human 
immunodeficiency virus (HIV) prevalence of 15 % among 
the entire population [4]. Among TB patients with 
known HIV status, 70 % were HIV-positive in 2012 [1]. 
These data clearly show TB is a critical public health issue 
in Zimbabwe.
Over the last two decades, Zimbabwe has also expe-
rienced severe socio-economic challenges resulting in a 
substantial migration of citizens to neighboring coun-
tries, mainly the Republic of South Africa, Botswana, and 
Namibia. These countries have reported high prevalence 
rates of TB and drug-resistant TB [5]. Describing the epi-
demiology of TB in the Zimbabwean context, especially 
after the events of recent years, is essential to the devel-
opment of more targeted interventions in high TB trans-
mission zones and within vulnerable subpopulations.
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The World Health Organization (WHO) reports the 
overall burden of TB as well as that of sputum-smear 
positive (SSP) TB, representing the cases at high risk 
for transmission within a population. It is imperative 
to know the trends in SSP TB within subpopulations of 
a country in order to develop more targeted TB control 
strategies for the country. To address these knowledge 
gaps in regards to SSP TB we used national TB notifica-
tion data to analyze trends in the acid-fast bacilli (AFB) 
SSP TB notification rate by province, sex, and age from 
2008 to 2011 in Zimbabwe.
Methods
Study population and data sources
We used aggregated TB notification data collected by the 
Zimbabwe Ministry of Health’s National TB Programme 
(NTP) during 2008–2011. The study sample included all 
new and retreatment (those who were previously cured) 
AFB SSP TB cases diagnosed during the study period as 
measured by the notification data [5–7]. Permission to 
use the routinely collected data was obtained from the 
Ministry of Health’s NTP. We focused our study only on 
SSP TB cases as they represent the most infectious TB 
cases and are therefore a priority area for TB control [8]. 
Country level background information was ascertained 
from the Zimbabwe Demographic Health Survey from 
2010 to 2011 [4]. The population size data was extracted 
from the 2002 Population Census carried out by Central 
Statistical Office of Zimbabwe [2, 9].
There were a total of 164,535 cases of TB reported from 
2008 to 2011 in Zimbabwe. Of these 164,535 reported 
cases, 141,104 (86  %) were pulmonary TB cases and 
23,432 (14  %) were extra-pulmonary TB (EPTB) cases. 
Of the 141,104 pulmonary cases, 130,000 were new cases 
and 11,104 were retreatment cases. Sputum-smear results 
were available for 104, 123 (74 %) of the pulmonary cases. 
Among the new pulmonary cases, 30  % were SSP, 36  % 
sputum-smear negative (SSN), and 34  % sputum-smear 
not done. Among the retreatment pulmonary cases, 10 % 
were SSP, 28 % SSN, and 62 % sputum-smear not done. 
The high proportion of sputum-smear not done among 
the retreatment cases was due to loss of experienced 
health care workers to neighboring countries, inadequate 
diagnostic capacity and reduced funding. Our final analy-
sis included 39,000 new SSP pulmonary cases and 1, 110 
retreatment SSP pulmonary cases for a final sample size 
of 40, 110 cases.
Statistical analysis
We described the trends of SSP TB by province, sex, and 
age group. For the purposes of our analyses Chitungwiza 
and Harare Cities were analyzed as one province. Chi-
tungwiza City is 20  km from Harare and has been the 
dormitory city for Harare’s workforce. Most TB cases 
from Chitungwiza City were diagnosed, treated, and 
reported in Harare during the study period.
A Mantel–Haenszel Chi Statistic was calculated to 
compare each provincial SSP TB notification rate to the 
national SSP TB notification rate. All statistical analy-
ses were carried out in Microsoft Excel (2011). We used 
the average SSP TB notification rate over the four-year 
period to classify provinces as having an SSP TB notifica-
tion rate either above or below the national average SSP 
TB notification rate. We then created a map comparing 
the average SSP TB notification rate for each province to 
the national average SSP TB notification rate.
Results
National trends of SSP TB cases
In 2008, 10,511 cases of SSP TB were reported by the 
Zimbabwe NTP. There was a spike in the number of SSP 
TB cases reported in 2010 to 12,991 cases. By 2011, the 
number of SSP TB cases had dropped to 10,082: a reduc-
tion of 22.39  % from 2010. However, this was only a 
4.08 % reduction comparing the 2011 SSP TB case num-
ber to the 2008 SSP TB case number. These data corre-
spond to an increase in the national SSP TB notification 
rate from 90.37 per 100,000 persons in 2008 to 111.69 per 
100,000 persons in 2010 followed by a decline to 86.68 
per 100,000 persons in 2011 (Table 1).
Trends of sputum‑smear positive SSP TB by age group
The distribution of SSP TB cases in each age group 
remained relatively stable over the study time period 
(Table  2). Around 60  % of the total SSP TB cases were 
in the 25–44 age group (N  =  28, 788), with a SSP TB 
notification rate of 260.2 per 100,000 persons in 2008 
and declining to 244.0 per 100,000 persons in 2011. The 
15–24 and 45–54 age groups accounted for the next larg-
est proportions of total SSP TB cases at around 10 % each 
of the total SSP TB cases (N = 6354 for 15–24 age group; 
N = 5069 for 45–54 age group).The younger age groups 
(0–4, 5–14, 15–24) exhibited the lowest SSP TB notifica-
tion rates across the entire study time period.
There was an overall decline in the SSP TB notification 
rate over the study period with the exception of the older 
age groups of 55–64 and 65+ (Fig.  1c). The older age 
groups were particularly noteworthy as they had a SSP 
TB notification rate higher in 2011 than the 2008 rate. 
The 55–64 age group had an SSP TB notification rate of 
125.0 in 2008 compared to 132.0 per 100,000 in 2011; the 
65+ age group had an SSP TB notification rate of 77.14 in 
2008 compared to 87.88 per 100,000 persons in 2011. The 
general decline in SSP TB case notification observed in 
all age groups after the 2011 spike was not significant in 
the older age groups.
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Trends of SSP TB by sex
There were 24, 303 (54 %) male SSP TB cases and 21,041 
(46  %) female SSP TB cases. The distribution of SSP 
TB cases by sex was stable over the study time period 
(Table 2). The average SSP TB notification rate in males 
was 23 % higher than that of females. Males had an aver-
age SSP TB notification rate of 108.21 per 100,000 per-
sons while females had an average of 88.12 per 100,000 
persons (Fig. 1d). Additionally, females had a higher per-
cent decline comparing the 2011 SSP TB notification rate 
to the 2008 notification rate; the SSP TB notification rate 
in females declined by 11.7 % while males only declined 
by 5.9 %.
Trends of SSP TB by province
Zimbabwe is divided into ten administrative provinces, 
which include two urban provinces and eight rural prov-
inces. Provincial SSP TB notification trends by year 
showed variation both between provinces and with the 
national notification trends (Table  1). In 2009, the SSP 
TB notification rates in Matabeleland North, Mashona-
land East and Mashonaland Central were similar to the 
national notification rate. However, in 2011 only Masho-
naland Central had a SSP TB notification rate similar to 
the national level. Harare province and Chitungwiza City 
reported higher SSP TB case notification rates than the 
national average since 2008 despite the actual caseload 
decreasing in these cities over the period (2008–2011) 
(Table 2).
Five provinces had an average SSP TB notification rate 
above the national average; the other five provinces had 
an average SSP TB notification rate below the national 
average (Fig.  1a, b). Of the five provinces that had an 
average SSP TB notification rate above the national aver-
age, four showed similar epidemic trajectories to the 
national trend. The remaining province, Manicaland, 
showed a different trend than the national trend. The 
SSP TB notification rate of Manicaland started above 
the national average but spiked in 2009 and decreased to 
below the national average by 2011.
Two of the provinces that had average SSP TB notifi-
cation rates above the national average, Bulawayo and 
Harare/Chitungwiza city, are largely urban centers while 
the remaining three are largely rural [9]. Additionally, 
with the exception of Harare/Chitungwiza City and Man-
icaland, these provinces are all located in the western 
region of the country (Fig. 2).
The provinces that had SSP TB notification rates lower 
than the national average are all largely rural provinces 
in the eastern region of the country [9]. Again here, the 
trend in some of these provinces showed a divergence 
from the national trend. Mashonaland West had a SSP 
TB notification rate below the national average in 2009 
Table 1 The notification rate of  sputum-smear posi-
tive tuberculosis per  100,000 persons in  Zimbabwe dur-
ing 2008–2011 for each of the 10 provinces and the nation 
as a whole
* A p value less than 0.05 based on a Mantel–Haenszel Chi Square Test 
comparing the provincial notification rate to the national notification rate
** A p-value less than 0.01 based on a Mantel–Haenszel Chi Square Test 
comparing the provincial notification rate to the national notification rate
Province 2008 2009 2010 2011
Harare/Chitungwiza City 139.02** 133.80** 140.97** 106.85**
Bulawayo 131.53** 119.71** 165.37** 117.20**
Matabeleland North 105.54** 93.91 124.69* 95.33*
Matabeleland South 146.24** 113.47** 146.24* 124.03**
Masvingo 57.18** 59.53** 78.76** 68.92**
Mashonaland West 50.22** 48.09** 93.09** 93.66*
Mashonaland East 60.32** 96.86 102.27* 76.64**
Mashonaland Central 80.37* 91.82 118.64* 82.38
Midlands 76.91** 84.77** 92.69** 61.75**
Manicaland 116.51** 119.00** 95.22** 72.41**
National average 90.37 96.62 111.69 86.68
Table 2 The case number and percentage of notified spu-
tum-smear tuberculosis cases by  province, sex, and  age 
group in Zimbabwe during 2008–2011
2008 2009 2010 2011
Case number (%)
Province
 Harare/Chitung-
wiza City
2636 (24) 2537 (23) 2673 (21) 2026 (20)
 Bulawayo 890 (8) 810 (7) 1119 (9) 793 (8)
 Matabeleland 
North
744 (7) 662 (6) 879 (7) 672 (7)
 Matabeleland 
South
955 (9) 741 (7) 955 (7) 810 (8)
 Masvingo 755 (7) 786 (7) 1040 (8) 910 (9)
 Mashonaland West 615 (6) 589 (5) 1140 (9) 1147 (11)
 Mashonaland East 680 (6) 1092 (10) 1153 (9) 864 (9)
 Mashonaland 
Central
800 (7) 914 (8) 1181 (9) 820 (8)
 Midlands 1126 (10) 1241 (11) 1357 (10) 904 (9)
 Manicaland 1828 (17) 1867 (17) 1494 (12) 1136 (11)
Sex
 Males 5906 (54) 5933 (53) 6908 (53) 5556 (55)
 Females 5126 (46) 5306 (47) 6083 (47) 4526 (45)
Age group
 0–4 47 (0.4) 51 (0.5) 41 (0.3) 41 (0.4)
 5–14 283 (2.6) 277 (2.5) 305 (2.3) 219 (2.2)
 15–24 1631 (14.8) 1527 (13.6) 1771 (13.6) 1425 (14.1)
 25–44 6913 (62.7) 7173 (63.8) 8219 (63.3) 6483 (64.3)
 45–54 1329 (12.0) 1273 (11.3) 1459 (11.2) 1008 (10.0)
 55–64 506 (4.6) 579 (5.2) 712 (5.5) 538 (5.3)
 65+ 323 (2.9) 359 (3.2) 484 (3.7) 368 (3.7)
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but slightly above the national average by 2011. In Mid-
lands, the SSP TB notification rate increasingly diverged 
from the national average; from 2008 to 2010 the notifi-
cation rate in Midlands tracked with the national average 
but seemed to be falling at a faster rate than the national 
average by 2011.
Discussion
We used aggregated national TB data to assess trends 
in SSP TB notification rates nationally and by province, 
age, and sex. Our analysis revealed several findings with 
important implications for improving TB control in Zim-
babwe in the future. First, the SSP TB notification rates 
were higher in the two main urban provinces, the west-
ern provinces and Manicaland. Second, the 25–44  year 
age group accounted for the largest proportion of noti-
fied SSP TB, however, the 55–64 year and 65+ age groups 
had notification rates in 2011 higher than the 2008 value. 
Finally, the SSP TB notification rate in males was consist-
ently higher than in females, by an average of 23 %.
The notification rate of SSP TB increased during 
2008–2010 and then began sharply declining leading to a 
lower notification rate in 2011 than what was observed in 
2008. During this period there were significant increases 
in funding to the NTP resulting in improved health sys-
tem strengthening, including strengthening of labora-
tory services supported by the Global Fund [10]. Thus, 
the increase in the national SSP TB notification rate 
from 2008 to 2010 may not be reflective of an increase in 
transmission but rather an increase in disease detection 
resultant from improvements in case finding [10, 11].
Additionally, the harsh economic conditions of the last 
decade resulted in the deterioration of the public health 
system in Zimbabwe leading to diminished surveillance 
systems. As a result, TB data for the period before 2008 
was low quality and not used in this analysis. Better 
quality data became available from 2008 onwards. Thus, 
similarly the apparent increase in SSP TB case notifica-
tion rates from 2008 to a peak in 2010 might well be a 
reflection of the improvement of TB surveillance systems 
Fig. 1 The notification rate of sputum-smear positive (SSP) TB in Zimbabwe during 2008–2011 by provinces with SSP TB notification rates above 
the national average (a), provinces with SSP TB notification rates below the national average (b), age (c), and sex (d) during 2008–2011. a 
Harare/Chitungwiza City; , Bulawayo; ; Matabeleland South; , Manicaland; , Matabeleland North; , 
National. b  Mashonaland West; Mashonaland East; , Mashonaland Central; , Midlands; , Masvingo; 
,National. c , 0–4; , 5–14; , 15–24; , 25–44; , 45–54; , 55–64; ,65+. d 
, Males; , Females
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rather than a true increase in the rate of SSP TB. Alterna-
tively, the fluctuation in SSP TB case notification could 
have been a true change in TB transmission dynamics as 
a consequence of both internal and external migration. 
From 2007 to 2008, there was government sponsored 
internal migration initiating the movement of illegal set-
tlers to less congested rural areas around Harare. Also, 
concurrently there was external migration of Zimbabwe-
ans to neighboring countries in search of employment 
opportunities. These movements may have increased TB 
transmission in receiving areas and reduced transmission 
in areas from which people were leaving.
According to the 2002 Census, 25  % of the popula-
tion was within the 5–14 age group, 25  % within the 
Fig. 2 Map of provincial trends of sputum-smear positive (SSP) TB notification rates compared to the national SSP TB notification rate during 
2008–2011. Grey regions represent provinces for which the average notification rate of SSP TB is above the national average; striped regions repre-
sent provinces for which the average SSP TB notification rate of is below the national average
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15–24 age group, and 20 % was in the 25–44 age group 
[9]. However, despite the 25–44 age group accounting 
for 20 % of the population, this age group accounted for 
60 % of the SSP TB cases. The 25–44 year age group has 
been deemed a higher risk age group in many countries 
for infection with TB and/or HIV [12]. While the decline 
in notified SSP TB rates in this age group suggests that 
control efforts have been effective, this age group should 
still remain an area of sustained effort. The burden of 
disease in this age group has serious implications for the 
population as this age group represents the most active 
portion of the population in terms of the economic work-
force as well as social infrastructure. In addition, this age 
group represents likely drivers of transmission within the 
population not only because this age group is more active 
in the workforce but also because this age group has 
reported higher levels of sexually transmitted infections 
and HIV [4]. A sustained TB epidemic in this popula-
tion could have long-term implications for the health and 
growth of the population both socially and economically.
The observed low SSP TB notification rates among the 
0–4 and 5–14 year age groups could have been due to the 
difficulty in accurately assessing pediatric TB. These data 
should therefore be viewed with caution [13].
While the older age groups of 55–64  years and 65+ 
years do not account for a large proportion of SSP TB 
cases, these are the only subpopulations in which there 
were rising SSP TB notification rates. In developed coun-
tries an increased incidence rate of SSP TB among the 
elderly is driven by reactivation of latent TB infection 
[14]; however, it is unclear whether this same explanation 
is true in developing countries. Molecular epidemiologic 
studies could aid in determining whether the notification 
rate in these age groups is attributable to recent trans-
mission or reactivation of formerly contracted infection. 
However, such studies are extremely difficult to carry 
out in a high-burden setting such as Zimbabwe because 
of the high number of cases that would need to be geno-
typed for such a study.
The most intriguing finding of the study is the male to 
female case ratio. In many high burden countries, a dis-
proportionate burden of disease in males with nearly a 
2:1 ratio of male to female cases among adults has been 
observed [3]. For the Africa region as a whole, the WHO 
reported a male to female ratio of 1.4:1 for SSP TB for 
both 2010 and 2011 [5, 15]. In our study, the ratio of male 
to female cases was nearly 1:1, lower than both its neigh-
boring countries and the region.
The provinces that exhibited SSP TB notification rates 
consistently above the national average are likely epicent-
ers of TB transmission, responsible for the high national 
TB burden. Harare City is the capital city and has the 
highest proportion of the national population (16.2  %) 
and consistently had the highest number of SSP TB cases 
[2]. Bulawayo, however, has a relatively small population 
but still had a high burden of SSP TB. There are several 
possible explanations for why we observe a concentration 
of SSP TB in these provinces. Both Bulawayo and Harare 
have higher proportions of the high-risk population, 
those aged 25–44  years, compared to other provinces. 
The population density of these urban centers may pro-
vide a more hospitable environment for TB transmission 
to occur. In addition, individuals living in these urban 
centers often have better access to health facilities includ-
ing TB diagnostic services. The higher SSP TB notifica-
tion rates in these urban centers may then partially reflect 
a higher degree of disease detection.
The aggregation of SSP TB in the western region of the 
country may be resultant of several factors. The western 
region of the country historically has a higher HIV noti-
fication rate [16] producing higher TB incidence rates. 
Matabeleland South, for example, has the highest HIV 
prevalence of 21  %, followed by Bulawayo with an HIV 
prevalence of 19 % [4]. The high SSP TB notification rate 
could have been a consequence of increased importa-
tion of the disease. The increased migration between the 
southern provinces and neighboring countries may have 
resulted in the importation of TB to the Zimbabwean 
population resulting in higher rates of SSP TB cases com-
pared to national average [17]. Finally, it is possible the 
higher SSP TB rates may actually reflect a stronger TB 
program with enhanced case finding and reporting in 
this region.
The provincial analysis showed that TB control efforts 
need to focus on urban, high-density areas and rural 
provinces that are focal points for migration between 
Zimbabwe and neighboring countries. Provinces exhibit-
ing persistently high SSP TB case notification will require 
further studies to determine whether the high SSP TB 
notification is resultant from high TB transmission, 
reactivation of latent TB infection, better TB detection, 
or a combination of all of these possibilities. The prov-
inces for which the average SSP TB notification rate was 
lower than national SSP TB notification rate should also 
be examined in order to better understand the successes 
of TB control in these provinces or identify a potential 
under detection of SSP TB in these regions.
This study had several limitations. First, the nature of 
the data used for this analysis is inherently limited as it 
is aggregated and thus inferences cannot be made at 
the individual level. Further, there were not quality data 
available regarding HIV status in the TB population lim-
iting our ability to explore HIV as a variable. Additionally, 
there was a high proportion of sputum-smear not done 
among the retreatment cases. However, given the retreat-
ment cases only comprised 8  % of the total pulmonary 
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TB cases, we believe that the effect on the study findings 
was minor.
Conclusions
Despite the limitations discussed above, this study pro-
vides the first detailed description of the TB epidemic in 
Zimbabwe and has generated data that can provide guid-
ance for future TB control efforts. Findings from this 
study suggest that TB control has successfully decreased 
the notification rate of SSP TB in Zimbabwe during 
2008–2011. However, the disproportionate distribution 
of SSP TB among specific regions and subpopulations 
highlights the need for more targeted interventions in 
Zimbabwe to accelerate the decline of TB in the country.
Abbreviations
TB: tuberculosis; AFB: acid-fast bacilli; SSP: sputum-smear positive; HBC: high-
burden country; HIV: human immunodeficiency virus; WHO: World Health 
Organization; NTP: National TB Programme; EPTB: extra-pulmonary TB; SSN: 
sputum-smear negative.
Authors’ contributions
GN participated in the design of the study, carried out the data analysis, inter-
preted the data and drafted and revised the manuscript. ZY conceived and 
directed the study, involved in the design of the study, interpretation of study 
results, and revising of the manuscript. CS was involved in data collection, 
interpretation of study results, and review of the manuscript. JC was involved 
in the conceptualization and design of the study, coordinated the data collec-
tion, and was involved in interpreting results and revising the manuscript. All 
authors read and approved the final manuscript.
Author details
1 Department of Epidemiology, School of Public Health, University of Michi-
gan, Ann Arbor, MI, USA. 2 Department of Community Medicine, College 
of Health Sciences, University of Zimbabwe, 3rd Floor New Health Sciences 
Building, Parirenyatwa Hospital Complex, Avondale, P O Box A178, Harare, 
Zimbabwe. 3 National TB Programme, AIDS and TB Unit, Ministry of Health 
and Child Care, Harare, Zimbabwe. 
Acknowledgements
We thank the Zimbabwe National TB Programme monitoring and evaluation 
unit for providing the surveillance data used in this study.
Competing interests
The authors declare no competing interests.
Received: 13 February 2015   Accepted: 7 October 2015
References
 1. World Health Organization. Global tuberculosis report 2013. http://
apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf. 
Accessed 27 Aug 2015.
 2. Zimbabwe National Statistics Agency. Zimbabwe population census 
2012. http://www.zimstat.co.zw/index.php?option=com_content&view
=article&id=65:census. Accessed 27 Aug 2015.
 3. World Health Organization. Global tuberculosis report 2014. http://apps.
who.int/iris/bitstream/10665/137094/1/9789241564809_eng.pdf?ua=1. 
Accessed 27 Aug 2015.
 4. Zimbabwe National Statistics Agency. Zimbabwe demographic and 
health survey 2010–2011. 2012. http://dhsprogram.com/pubs/pdf/
FR254/FR254.pdf. Accessed 27 Aug 2015.
 5. World Health Organization. Global tuberculosis report 2012. http://
apps.who.int/iris/bitstream/10665/75938/1/9789241564502_eng.pdf. 
Accessed 27 Aug 2015.
 6. World Health Organization. Global tuberculosis control: WHO report 
2010. http://reliefweb.int/sites/reliefweb.int/files/resources/F530290AD-
0279399C12577D8003E9D65-Full_Report.pdf. Accessed 27 Aug 2015.
 7. World Health Organization. Global tuberculosis control 2009: epidemi-
ology, strategy, financing. http://reliefweb.int/sites/reliefweb.int/files/
resources/878BDA5E2504C9F449257584001B5E60-who_mar2009.pdf. 
Accessed 27 Aug 2015.
 8. Golub J, Coberly J, Chaisson, R. Tuberculosis. In: Nelson KE, Williams CM, 
editors. Infectious disease epidemiology: Theory and practice. USA:Jones 
and Bartlett Publishers; 2007.
 9. Zimbabwe National Statistics Agency. Zimbabwe population census 
2002. http://www.zimstat.co.zw/dmdocuments/Census/Census.pdf. 
Accessed 27 Aug 2015.
 10. UNAIDS Zimbabwe Country Office. Global fund increases support to 
Zimbabwe. 2014. http://www.zw.undp.org/content/dam/zimbabwe/
docs/hivaids/UNDP_ZW_HIVAIDS_Global%20Fund%20Support%20Zw.
pdf. Accessed 27 Aug 2015.
 11. Floyd K, Fitzpatrick C, Pantoja A, Raviglione M. Domestic and donor 
financing for tuberculosis care and control in low-income and middle-
income countries: an analysis of trends, 2002–11, and requirements to 
meet 2015 targets. Lancet Glob Health. 2013;1:105–15.
 12. Donald PR, Marais BJ, Barry CE. Age and the epidemiology and pathogen-
esis of tuberculosis. Lancet. 2010;375:1852–4.
 13. Starke JR. New concepts in childhood tuberculosis. Curr Opin Pediatr. 
2007;19:306–13.
 14. France AM, Cave MD, Bates JH, Foxman B, Chu T, Yang Z. What’s driving 
the decline in tuberculosis in Arkansas? A molecular epidemiologic analy-
sis of tuberculosis trends in a rural, low-incidence population, 1997–2003. 
Am J Epidemiol. 2007;166:662–71.
 15. World Health Organization. Global tuberculosis report 2011. http://
apps.who.int/iris/bitstream/10665/44728/1/9789241564380_eng.pdf. 
Accessed 27 Aug 2015.
 16. National AIDS Council of Zimbabwe. HIV Estimates report, 2011. http://
www.nac.org.zw/sites/default/files/Final%202011%20Annual%20
Report%201.pdf. Accessed 27 Aug 2015.
 17. Golesi F, Brignatz J, Bellenfant M, Raoult D, Drancourt M. Mycobacterium 
tuberculosis Beijing outbreak in a school in Marseille, France, 2012. Euro 
Surveill. 2013;18:1–2.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
